The nudeotide sequence of a 7.6 kb vaccinia DNA segment from a genomic region conserved among different orthopox virus has been determined. This segment contains a tight cluster of 12 partly overlapping open reading frames most of which can be correlated with previously identified early and late proteins and mRNAs. Regulatory signals used by vaccinia virus have been studied. Presumptive promoter regions are rich in A,T and carry the consensus sequences TATA and AATAA spaced at 20-24 base pairs. Tandem repeats of a CTATTC consensus sequence are proposed to be involved in the termination of early transcription.
INTRODUCTION
Vaccinia virus is a member of the group of poxviruses which are distinguished by an unusual morphology, a large genome and by replicating in the cytoplasm of infected cells (1) . It has a wide host range, is considered not to be oncogenic, carries out post-translational modification, and has the capacity for the uptake of large pieces of foreign DNA with the potential of retaining its infectivity. This makes it an attractive eukaryotic cloning and expression vector (2) (3) (4) .
Vaccinia virus is also a well-known vaccine and has been used on a very (6, 7) .
In this work, we have analyzed a certral segment of the vaccinia virus genome. Restriction analysis had previously suggested conservation of this region in the genome of different orthopox viruses (8) . Additional data indicate the presence of both early and late genes (5, (9) (10) (11) . In order to understand the complex genetic organization of this essential section of the viral DNA and to learn more about vaccinia specific regulatory signals, we have now determined its nucleotide sequence.
MATERIALS AND METHODS
Clones of Hindlll fragments L and J of vaccinia virus DNA, strain WR, were obtained from G. Beaud and were originally from B.Moss. They were further subcloned into pBR322 and were used for sequence analysis according to Maxam and Gilbert (12) . For the determination of the sequence at the Hindlll -L, J junction a plasmid carrying this region from a WR/IHD recombinant strain was kindly donated by A.Vassef and G.Beaud. 3' end labelling by E.coli DNA polymerase I (Klenow fragment) was used throughout. Restriction maps were established according to Smith and Birnstiel (13) . Sequences were analyzed using the Data General MV8000 of the Institut Pasteur.
RESULTS

Sequence analysis
A Hind III restriction map of vaccinia virus DNA (14) is shown in 95% of L and 97% of J have been determined at least twice and in general from different restriction sites, 65% on both strands. The nucleotide sequence across the Hindlll-L, J junction has been derived from an Aval/EcoRI fragment cloned in pBR322 which overlaps the boundary of the two fragments.
Open reading frames
In order to detect potential protein-coding regions, translational stop codons have been scored in all reading frames of both DNA strands (Fig.2 ).
Open reading frames carrying an ATG codon and encoding polypeptides of more than 90 amino acid residues have been designated Fl to F12. Additional segments devoid of stop codons (Fig.2) either lack an ATG codon or encode and Fll are located on the opposite strand (Fig. 2) . Thus the entire genome segment is tightly packed with potential protein-coding genes.
The complete nucleotide sequence of one DNA strand is presented in Fig.3a . Fig.3b shows the sequence of the complementary strand of the reg- (Fig.6 ). The 5 1 end Table 1 : Correlation of open reading frames with proteins obtained by in in vitro translation (5, 9, 10, 16) . Additional mRNAs have not been mapped in this region. In vitro translation of total mRNA hybridizing to Hindlll-L yields two early and seven late proteins (5, 11) . The coding capacity of P2 (Table 1) is consistent with its coding for a 27K late protein derived from the left half of L (11) . The coding capacity of F4 suggests that it codes for the 38K late protein (Table 1) (Fig.6 ). Therefore both early and late mRNAs, although functionally monocistronic, may be structurally
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polycistronic.
An efficient terminator of early transcription appears to be located downstream of F10 (Fig.6) where the 3' ends of three early mRNAs have been mapped (9) . Inspection of the sequence in this region has revealed a tan-dem repeat, CTATTC CTATCC, followed by related sequences. Interestingly, tandem repeats of CTATTC have previously been identified downstream of an early gene coding for a 7.5 K protein and have been implicated in transcription termination (21) . Additional examples of tandemly repeated variants closely related to the CTATTC consensus sequence have been noted downstream of F3, F4, and Fll. However/ no mapping of transcripts has as yet been carried out for these regions.
Until now there is no evidence that vaccinia mKNAs may be spliced or cleaved from large precursors transcribed from only a few promoters.
In view of the tight clustering of the early and late genes in the segment of the genome analyzed here one is then left with the conclusion that regulatory signals from one gene are frequently part of the coding region of a neighbouring gene. The sequence analysis now provides us with the tools to study the activity of such signals in vivo.
